Abstract Aging is accompanied by increasing difficulty in working memory associated with the temporary storage and processing of goal-relevant information. Face recognition plays a preponderant role in human behavior, and one might therefore suggest that working memory for faces is spared from age-related decline compared to socially less important visual stimulus material. To test this hypothesis, we performed working memory (n-back) tasks with two different visual stimulus types, namely faces and doors, and compared them to tasks with primarily verbal material, namely letters. Age-related reaction time slowing was comparable for all three stimulus types, supporting hypotheses on general cognitive and motor slowing. In contrast, performance substantially declined with age for faces and doors, but little for letters. Working memory for faces resulted in significantly better performance than that for doors and was more sensitive to on-line manipulation errors such as the temporal order. All together, our results show that even though face perception might play a specific role in visual processing, visual working memory for faces undergoes the same age-related decline as it does for socially less relevant visual material. Moreover, these results suggest that working memory decline cannot be solely explained by increasing vulnerability in prefrontal cortex related to executive functioning, but indicate an age-related decrease in a visual short-term buffer, possibly located in the temporal cortex.
Introduction
If we are engaged in an active discussion, are planning our next holidays, are solving complex mathematical equations or philosophical problems, or are simply following the news on TV, we are continuously relying on our working memory, the capacity to store information in some kind of short-term memory buffer and to simultaneously manipulate this information on-line (Baddeley 1986; Shallice 1988) . Visual working memory can be thought of as consisting of several stages. These include the formation of a perceptual image originating from an external stimulus (sensory processing), the storing of this image in some kind of domain-specific, short-term buffer, and the activation of executive processes, such as on-line manipulation, inhibition, and response co-ordination that operate on the contents of the incoming information. In terms of Baddeley's working memory model (Baddeley 1986 ), the first two stages would correspond to a modality-specific, limited shortterm buffer or slave system, in case of the visual system the so-called "visuospatial sketchpad", located in primary and secondary visual cortices. The third stage would correspond to Baddeley's "central executive" in the prefrontal cortex, which is responsible for allocation of processing abilities to the visuospatial sketchpad. Other models of working memory are based on distributed cortical networks (for reviews see, for example , Fuster 1998; Mesulam 1998) . In these latter models, the three processes can be interpreted as those that are automatic, primarily driven by the external stimulus ("bottom-up", pre-attentive processing), and those that are under voluntary control ("top-down", attention-demanding) (see, for example, Desimone et al. 1995; Hasegawa et al. 1999) . Bottom-up processes consist of a passive cortical flow of information from primary over secondary visual cortices, i.e., in occipitotemporal regions if primarily concerned with working memory for visual objects, toward the prefrontal cortex. Top-down processing as the active part of working memory originates in prefrontal cortex and influences via feedback projections lower processing levels such as posterior association cortices (see, for example, Hasegawa et al. 1999; Tomita et al. 1999) , presumably even down to primary sensory cortices (see, for example, Desimone et al. 1995; Ungerleider et al. 1998) .
Today, it is generally accepted that working memory performance declines with age (for reviews see Craik and Jennings 1992; Grady and Craik 2000) . However, the reasons for this decline are still a matter of debate, and the proposed mechanisms vary substantially. For example, the elderly were said to have decreased limits in storage resources (see, for example, Foos 1989; Foos and Wright 1992) , indicating deficits in bottom-up processing. Other findings point toward deficits in executive control (Craik 1990; Morris et al. 1988; Salthouse and Skovronek 1992 ; Van der Linden et al. 1992 , presumably provoked by decreased functioning of the frontal lobe or of topdown control. Recent neuropsychological and functional imaging studies support a hypothesis of frontal aging (Albert and Kaplan 1980; Hochanadel and Kaplan 1984; Mittenberg et al. 1989) , showing that activation differences in the dorsolateral prefrontal cortex correlate with working memory decline in normal aging (Rypma and D'Esposito 2000; see also Reuter-Lorenz et al. 2000) .
In recent years, there has been increasing evidence for the idea that aging is associated with numerous alterations of brain structure and functions (for recent reviews see Bussire and Hof 2001; Giannakopoulos et al. 1997; Kemper 1994; Raz 2000) . Presumably, aging affects the total volume of the brain, and the integrity of the white matter is supposed to predict the global decline of cognitive functions (see, for example, Gunning-Dixon and Raz 1999). In particular, substantial neurofibrillary tangle formation occurs in the hippocampal formation and Brodmann's area 20 in cognitively intact elderly people, suggesting that midtemporal structures are particularly vulnerable to the degenerative power of normal brain aging (see, for example, Giannakopoulos et al. 1997) . The prefrontal cortex also shows pronounced signs of aging (see, for example, Esiri 1994), while primary sensory regions remain largely spared (see, for example, Giannakopoulos et al. 1995; Hof et al. 1996) .
On the behavioral level, there are also several findings which indicate that cognitive age effects cannot be restricted to the executive control of frontal cortex (Mencl et al. 2000) . For example, a profound loss in visual acuity and contrast sensitivity is often observed that could easily explain large parts of age-related variance in cognition (Baltes and Lindenberger 1997; Kline et al. 1983; Lindenberger and Baltes 1994; Sekuler et al. 1982) . Visual processing speed (Briggs et al. 1999 ) and iconic memory (see, for example, DiLollo et al. 1982) have been shown to slow with age, and increased stimulus complexity affected the performance of older subjects more than that of younger controls (Adamowicz 1976; Adamowicz and Hudson 1978) . As a consequence, in the elderly the stored information is incomplete and hampers any cognitive judgment based on such information (Oscar-Berman and Bonner 1985; Oscar-Berman et al. 1992) . Such observations led to the development of models based on general cognitive slowing with age (see, for example, Babcock and Salthouse 1990; Cerella 1990; Cerella et al. 1980; Greenwood 2000; Salthouse et al. 1996) , as opposed to the frontal aging hypothesis (Albert and Kaplan 1980; Hochanadel and Kaplan 1984; Mittenberg et al. 1989; Van der Linden et al. 1994) . They were supported by findings of cortical activation differences not only in the frontal, but also the extrastriate cortex and temporal lobe in young compared to older observers during memory tasks (see, for example, Cabeza et al. 1997; Grady et al. 1998) .
To date, little attention has been paid to the fact that age-related decline in visual working memory might depend on the stimulus material used and its direct relevance to human social behavior. For instance, human faces seem to be a special class of objects with particular biological and social significance (Carey 1992; Grüsser and Landis 1991) , suggesting an evolutionary advantage for individuals who have a preserved ability to process such images. In patients with left spatial neglect, face images can be spared from visual extinction observed for other visual images (Vuilleumier 2000) , and normal subjects perceive human faces more easily than other stimuli under conditions of inattention or divided attention (Mack and Rock 1998) . Further, the ability to detect and orient to faces appears very early in human babies, suggesting that face perception may rely in part on prewired neural mechanisms (Braddick et al. 1986; Goren et al. 1975) . On the other hand, face memory can be specifically disturbed, leading to the clinical symptom of prosopagnosia (Giannakopoulos et al. 2000; Whiteley and Warrington 1977) . Thus, faces take a dominant role in visual processing and recognition (see, for example, Farah 1996; Haxby et al. 1995 Haxby et al. , 2000 , perhaps even to the degree that they are processed by face-specific cortical networks (Kanwisher et al. 1997 (Kanwisher et al. , 1999 McCarthy et al. 1997) . Moreover, activation studies with PET, functional MRI, and event-related potentials indicate that specialized neural substrates for visual memory processes might be accessed by different object categories (see, for example, Gur et al. 1997; Ishai et al. 1999; Kim et al. 1999; McDermott et al. 1999; Owen et al. 1999; Ruchkin et al. 1997) . It is therefore easy to imagine that these separate substrates may undergo differential changes with increasing age. Indications for such differential age-related changes in processing of faces compared to other visual material come from working memory tasks requiring recall of the temporal order of images, for example, older subjects lacked the typical U-shaped performance curve for face images, while their performance curves for abstract shapes were similar to those of young subjects (Bruyer and Vanberten 1998) . Furthermore, elderly individuals showed more false recognition of new faces than younger subjects Bartlett et al. 1989; Fulton and Bartlett 1991) . Both findings suggest that memory for faces might be even more sensitive to age-related decline than memory to other visual material.
However, the specific role of faces in visual processing and memory has recently been questioned (see, for example, Gauthier et al. 1999) , and rather than category-specific visual face modules, a continuous representation of information about object form was proposed with a "featurotopic" organization (Ishai et al. 1999 ; see Gauthier 2000 for review).
Here, we investigated whether working memory for socially relevant visual material was differentially protected from age-related decline as compared to that of socially less important visual material. Therefore, performance and reaction times of intellectually preserved individuals, aged between 20 and 69 years, were compared in a paradigm including faces as socially relevant items and doors, already used before by Baddeley et al. (1994; see also Davis et al. 1999) , as socially non-relevant but nevertheless common, everyday visual material. Different components involved in visual working memory were controlled, such as sensory processing and short-term memory. To distinguish between agerelated decline of visual working memory functions and general executive control, data were compared to those obtained in the same subjects with a primarily verbal stimulus type, namely letters.
Materials and methods

Subjects
Fifty right-handed adult subjects (20-69 years) participated in this study. They had normal or corrected-to-normal visual acuity and normal contrast sensitivity. Subjects were grouped in five age groups of 10 subjects each (mean average and standard deviation in years: 24.7€1.49; 34.4€2.88; 44.28€3.05; 53.67€2.84; 64.55€2.74). Subjects were healthy and free of any medication that might influence attention or motor responses. Volunteers gave their informed written consent in accordance with the Declaration of Helsinki, and experiments were approved by the Ethics Committee of the University Hospital of Geneva.
Tasks and stimuli
Experiment 1
Black and white photographs of 27 different faces (AT&T Laboratories Cambridge) or their scrambled version, both subtending 67 of visual angle, were displayed at the center of a computer-controlled 21-inch high-resolution monitor (IIyama Vision Master Pro 510) with a refresh rate of 100 Hz. The viewing distance was fixed at 90 cm.
Subjects performed two variants of a working memory task (1back and 2back; Fig. 1a , b) that have been used previously in a number of behavioral and neuroimaging experiments (see, for example, Braver et al. 1997; Owen et al. 1999; Smith et al. 1996) . A simple detection task (Fig. 1c ) served as control for subjects' capacities to visually process complex stimuli, to take decisions based on this sensory information, and to give a motor response.
In all three tasks, subjects indicated the presence of a target by pressing as fast as possible, a computer-controlled push-button with the index finger of their right (dominant) hand. For non-target stimuli, no response was required. In the detection task, subjects responded whenever a complete face was presented in a sequence of scrambled face images. For the two working memory tasks, only complete face images were used. In the 1back task, the target was any face that was identical to the one immediately preceding it. In the 2back condition, the target was any face identical to the one presented two trials back. Stimuli were presented in pseudorandom order of 90 images per sequence, with a stimulus duration of 500 ms and an interstimulus interval (onset-onset) of 5 s. In 26.7% of the trials, a target was present. Every series was preceded by up to ten warm-up trials to ensure that subjects had understood the instructions for the new condition. Every subject performed each of the three tasks in pseudorandom order. In addition, 34 of the 50 subjects were tested with a 2back letter task, presenting white letters out of a pool of 24 letters that are common in the French alphabet on a gray background. Letters subtended 3.52 of visual angle on a gray background of 67. Of the 50 subjects from experiment 1, 24 participated in experiment 2. Subjects were tested with 1back and 2back tasks, using the same experimental set-up as described for experiment 1. Images consisted of 27 different doors, taken from the "Doors and People Memory Test" battery of Baddeley et al. (1994) . All images were presented as gray-level images.
Error analysis for errors related to temporal order Errors occurring during the 2back task were classified into false alarms, i.e., responses to non-targets, and misses, i.e., missing responses. False alarms were defined relative to temporal order, if subjects responded to images that were identical to the one just seen before (1back) or three images (3back) before. Other types of false alarms, as for example, feature similarities between faces or a developing familiarity of the images due to repeated presentation of the same stimuli, should be independent of the exact sequence order and would be expected to depend on deficits in the memory buffer. We defined missing responses as temporal order-related if subjects did not respond to a target that followed one or two trials after a prevailing event (button-press).
Results
Experiment 1
In the first experiment, we investigated age effects on the visual short-term buffer and on-line manipulation of complex visual material with social relevance, specifically human faces. Results were compared to those for letters requiring little visual but mostly verbal working memory resources. We reasoned that age-related decline in executive functioning should be independent of whether the information to be treated was primarily handled by the visuospatial sketchpad or the phonological loop (Baddeley 1986 ).
Reaction times for working memory using face images
As shown in Fig. 2a for face images, subjects responded most rapidly for the face detection task and most slowly for the face 2back task (Table 1 ). In addition, reaction times significantly increased with age for the 2back task (Table 1 ; Kendall tau correlation analysis of performance and age).
A 5 (age group) 3 (task) ANOVA with repeated measures revealed significant main effects of age [F(4,45)=2.71; P<0.05] and task [F(2,90)=58.32; P<0.0001]. Post hoc analysis showed that reaction times significantly increased from detection to 1back (ScheffØ P<0.0001), and further from 1back to 2back task (ScheffØ P<0.0001). However, there was no significant difference in reaction time slowing with age between the three tasks, as controlled by a two-way interaction analysis between age task [F(8,90) =1.67; n.s.].
It is therefore most likely that reaction time slowing with age, even though not significant for face detection and 1back task, is not exclusively related to the 2back task, but reflects a more general age-related slowing of motor and/or cognitive components.
Performance for working memory using face images
Subjects' performance is shown in Fig. 2b . Performance significantly declined with age for 1back and 2back task, but not for face detection (see Table 1 for Kendall correlations). A 5 (age) 3 (task) ANOVA with repeated measures indicated that, similarly to reaction times, performance was affected by tasks [F(2,90)=123.53; P<0.0001]. Moreover, performance for face detection and 1back task did not differ significantly (ScheffØ n.s.; Fig. 2b ). Despite the fact that the 1back task requires additional cognitive processes, i.e., short-term storage and image comparison, the two tasks revealed similar performance values of more than 90% correct responses. Compared to 1back and detection task, all subjects performed significantly worse in the 2back task (ScheffØ: 1back versus 2back P<0.0001; face detection versus 2back P<0.0001). Pronounced age-related performance decline was only observed for the 2back task, as confirmed by a two-way interaction between age and Fig. 2 Individual reaction times (a) and performance values (b) plotted against subjects' age for 1back (black circles), 2back (gray circles), and detection task (triangles), using faces as stimulus material. Lines correspond to linear regression lines (corresponding statistics in Table 1) task [F(8,90) =4.992; P<0.0001; ScheffØ (2back) P<0.007 (age group 1 versus group 3) to P<0.0001 (age group 1 versus group 5)].
Faces versus letters: visual versus verbal working memory
As summarized in Fig. 3a , reaction times for the 2back task for letters increased significantly with age (see also Table 1 ), in a similar way as for faces. Even though the two stimulus types differed remarkably with respect to their visual complexity, and thus sensory processing, as well as in the degree of involvement of a verbal component, no significant difference was found between reaction times for letters and faces. This was confirmed by a 2 (stimulus type) 5 (age) ANOVA with repeated measures, revealing a significant effect of age [F(4,30) In contrast to reaction times, the stimulus type strongly influenced subjects' performance levels ( Fig. 3b; Table 1 ), leading to a better performance for letters than for faces, and less performance decrease with age for the prior (see Table 1 for Kendall tau correlations). Results of a 2 In the second experiment, we investigated age effects on the working memory of a visual stimulus type without social relevance, namely doors. Similar to faces, doors build a common and complex everyday-object category. We chose doors instead of house images common in neuroimaging studies on working memory (see, for example, Haxby et al. 1999 Haxby et al. , 2000 , or other living images with little or no social relevance (i.e., animals or flowers), since these doors are used in one of the major clinical tests on recognition memory in the elderly, the "Doors and People Memory Test" of Baddeley et al. (1994) . Results for door images (experiment 2) were directly compared to those for faces (experiment 1) for the same subjects ( Table 2 ). As shown in Fig. 4a , subjects required more time to respond to door than to face images for both 1back (right panel), and 2back tasks (left panel). Further, there was a decrease in overall performance for doors compared to faces (Fig. 4b) , indicating that basic visual Table 2 Mean reaction times (in milliseconds) and mean performance (in percent) with standard errors for experiment 2 (n=24), and corresponding statistics for the correlation analyses with age (same conventions as in Table 1 Table 2 information processing and/or short-term buffering were more difficult for doors than for faces, despite eventual task-related training effects for 1back and 2back tasks (note that all subjects tested with doors had already passed the tasks with letters and faces in experiment 1). This was confirmed by separated 5 (age) 2 (image) ANOVAs (repeated measures) for 1back and 2back tasks, revealing significant effects of the type of image for both tasks (Table 3) . Larger difficulty corresponds well to subjective observations that door images seemed to "fade" shortly after presentation. Even though the age-related performance decline for the face 2back task was only marginal for subjects selected for experiment 2, it was significant for the door 2back task (see Table 2 for Kendall tau correlations between age and performance).
Error analysis for the 2back tasks for faces and doors
In Fig. 5a , mean error rates for the face 2back task are plotted against age for false alarms and misses (the number of errors for the letter task was not sufficient for statistical analysis). Despite large interindividual variability and a non-normal distribution, both types of error significantly increased with age (see regression coefficients and Kendall tau correlations for errors and age in legend of Fig. 5 ). The percentage of temporal orderrelated false alarms compared to the total number of false alarms is shown in Fig. 5b (see Materials and methods for definition of temporal order-related errors). Both young and old subjects gave false alarms significantly more often due to temporal order than would have been expected by chance, as evidenced by a Wilcoxon signed pair test (see asterisks in Fig. 5b) . In contrast to expectations, the ratio of temporal order-related versus unrelated false alarms tended to decrease with age.
In Fig. 5c , the percentage of temporal order-related misses relative to the total number of misses is plotted for the different age groups. Similar to false alarms, such temporal order-specific misses occurred more often than by chance (Wilcoxon a<0.05).
Thus, for both younger and older subjects, the analysis of false alarms and misses in the 2back face task revealed that the majority of erroneous events was related to the temporal order of a given stimulus sequence.
As plotted in the left panel of Fig. 6a , false alarms for faces (black circles) significantly increased with age, while false alarms for doors (open triangles) did not (see Kendall tau correlations in legend of Fig. 6 ). Furthermore, false alarms for doors were less related to temporal order than those for faces ( Fig. 6b left panel; Wilcoxon: doors n.s., faces a<0.05, calculated over all subjects, see Materials and methods).
Performance differences between doors and faces were due to a higher number of misses for door targets than for faces ( Fig. 6a right panel; Wilcoxon a<0 .01). Note that misses for door targets, but not for face targets, signif- Fig. 5a -c Errors for the 2back task, using face images, plotted against age (n=50). a Percentages of the total amount of false alarms (black circles) and misses (gray triangles). Lines correspond to linear regression lines; corresponding statistics for false alarms: r 2 =0.304; t=0.39; P<0.0001; misses: r 2 =0.158; t=0.292; P<0.005. Ratios of temporal order-related errors relative to the total number of false alarms (FA; b) or misses (c). Horizontal lines marked by arrows indicate chance levels. ** a<0.01; * a<0.05 for values above chance icantly increased with age (see Kendall tau correlations in legend of Fig. 6 ). As for false alarms, misses for doors were not related to temporal order (Wilcoxon n.s., calculated over all subjects) but could occur at any given time in the sequence (Fig. 6b right panel) . Misses for faces, in contrast, were significantly related to temporal order (Wilcoxon a<0.05, calculated over all subjects).
Discussion
In this study, we investigated the influence of the type of stimulus material and its social relevance (faces, doors, and letters) on age-related changes in working memory. Working memory for human faces showed substantial performance decline with age, even though not as much as working memory for doors. Performance decline for verbal working memory (letters) was less pronounced. Thus, while complex visual images led to performance decline, the verbal stimulus type was relatively spared. This indicates that visual functions implicated in working memory were specifically sensitive to changes with age. Reaction times, in contrast, slowed with age for letters as much as for faces or doors, and relative intraindividual reaction time changes due to stimulus type were of the same magnitude in younger and older subjects. Therefore, reaction time slowing seemed quite unspecific for the type of stimulus material used, reflecting rather general slowing (see, for example , Cerella 1990; Cerella et al. 1980; Salthouse 1996; Swearer and Kane 1996) . Consistent with previous observations (for review see Grady and Craik 2000) , we found that performance decline with age correlated with the complexity of the performed task (2back>1back>detection), the 2back task with its highest working memory demands provoking the worst performance. Furthermore, performance and reaction time was likely to depend on the social relevance of the visual stimulus used, being worse for doors than for faces. While errors during working memory for faces were primarily related to on-line manipulation, errors for less socially relevant working memory (doors) were most likely to be caused by limits in the visual short-term buffer. We therefore suggest that, even though our data favor a processing advantage of socially important face material in all subjects independently of their age, memory processing of this material is as sensitive to aging effects as that of less socially relevant door material.
The stimulus type as indicator for a possible cortical site of age-related working memory decline Observed effects on performance decline with age were strongly dependent on the stimulus type used. Age-related performance decline for face material was substantial for the 2back task, leaving face detection unaffected and showing little effect on the 1back task. According to Baddeley's model, 2back and 1back tasks differ primarily in their memory load and executive control functions such as on-line manipulation based on prefrontal cortex activity (see, for example, Braver et al. 1997) . Thus, these results, taken on their own, might easily be interpretable as favoring of a frontal decline in the elderly (see, for example, Van der Linden et al. 1994) . Neuroimaging studies have shown that working memory for different stimulus types (here faces, doors, and letters) is based on overlapping prefrontal regions (see, for example, Gauthier et al. 2000; Puce et al. 1996 ; but see Gruber and Von Cramon 2001; Reuter-Lorenz et al. 2000) , suggesting that frontal cortex decline should affect visual (faces and doors) and verbal (letter) working memory to similar extents. However, our results revealed that, in contrast to face performance, performance for the 2back letter task showed far less decline with age. Since the task was identical to the one for faces, executive control functions attributed to the frontal cortex could not be the dominant factor for age-related decline, but the visual aspects of the stimulus material must have played a bigger role. In fact, a larger decline for faces than for letters suggests storage or even sensory processing as the most important cause of vulnerability in working memory in the elderly (see also Babcock and Salthouse 1990 ). This idea is strengthened by the results for door images. Door images weakened not only subjects' performance in general, but showed even larger effects on age-related decline in the 2back task than faces, as if storage and sensory processing for doors had been even more hindered in our older subjects.
Differences in age-related performance decline for faces/doors and letter tasks point toward processing in separate regions, primarily related to storage or sensory processing. This makes the temporal cortex a likely region for the observed age effects, given that it plays a critical role in object discrimination and object-related memory and involves at least partially separated cortical processing regions for working memory of different stimulus types (see, for example, Courtney et al. 1997; Mishkin 1982; Miyashita 1993; Rolls 1991; Ungerleider et al. 1998) . Indeed, working memory decline in temporal cortex would match well with neuroanatomical findings of age-related changes in this region (see, for example, Giannakopoulos et al. 1995; Hof et al. 1996) .
It thus seems likely that it was the bottom-up processing (or the visuospatial sketchpad) that was mainly responsible for the observed age-related decline in working memory. Top-down processes (or executive control), in contrast, probably only played a secondary role. Of course, we cannot exclude the possibility that this interpretation holds only for the specific working memory task used here, partially masking signs of prefrontal cortex age-related decline. Further experiments will be needed to control for this possibility.
The stimulus type biases interactions between top-down and bottom-up processing An alternative to the "localized" view of age-related decline in working memory mentioned above is that the type of stimulus might influence the balance of top-down (or central executive) and bottom-up (visuospatial sketchpad) driven processes in working memory, with the temporal cortex, which is assumed to strongly depend on top-down control through feedback projections from prefrontal cortex Tomita et al. 1999) , playing the role of a "relay" station.
Higher age-related vulnerability for executive functioning or top-down control should have been reflected in a higher susceptibility for a typical temporal order-related problem of on-line manipulation, i.e., the "shuffling" effect. Shuffling is based on the ability to correctly update the short-term buffer to the last few observed images, by keeping the temporal order of the images intact. As an alternative to shuffling, subjects might have had difficulties in inhibiting the response to an image similar to the one seen one or three images back, since it seemed more familiar than other images. Also such a lack of inhibition would indicate difficulties in top-down control.
During the 2back task with face material, both missing responses and false alarms were significantly related to their temporal order within the presented stimulus sequence, indicating high sensitivity for executive or top-down control. However, nothing in our data obtained with faces pointed toward higher susceptibility for such errors in our older subjects, even though this could have been expected from the literature; memory for the temporal order of items in the reconstruction of a list of words, pictures, or activities (Kausler et al. 1985; Kinsbourne 1973; Naveh-Benjamin 1990) , or in judging the relative recency of two items (McCormack 1982) had been found to worsen with age, specifically for human face material Bruyer and Vanberten 1998) . Moreover, in experiments affecting both shortterm buffer and temporal order, elderly subjects were more susceptible to temporal order memory loss (Cabeza et al. 2000; Korsnes and Magnussen 1996; Maylor et al. 1999) .
In contrast to errors for face material, errors for complex non-facial material (doors) did not depend on the temporal order or the familiarity of the stimuli; irrespective of its temporal order in the sequence, elderly subjects missed significantly more often when responding to a target than younger subjects. This rather indicates limitations in the short-term buffer of task-relevant visual cues, strengthening the hypothesis of an age-related decline of bottom-up processing.
Taken together, the comparison of errors for faces and doors suggest that errors based on working memory for faces were more influenced by top-down processing such as an inhibition of responses due to familiarity or difficulties with shuffling. Errors based on working memory for doors, in contrast, were more likely to be influenced by bottom-up processes. Thus, the stimulus type seems to determine the processing level at which age-related changes in working memory are observed.
The relationship of social relevance of stimulus material and working memory All subjects, irrespective of their age, had better general performance and missed less targets after having given a response based on working memory for faces, rather than for doors. We suggested that this advantage for processing face images was due to their high social relevance; the more socially relevant an image, the easier it would be handled in working memory. Surprisingly, working memory for face images was not specifically protected against decline with age, as if the evolutionary advantage for face processing (see, for example, Carey 1992; Grüsser and Landis 1991; Vuilleumier 2000) would not resist a general age-related decline. Speculations along these lines could open interesting new fields in cognitive research on aging, combining observations from social sciences with those from the neurosciences, physiology, and genetics. We should, however, note that instead of social relevance or belonging to verbal or visual working memory, a number of other differences between face, door, and letter stimuli might have contributed to the performance differences observed in this study. Differences could have been due to living versus non-living, holistic versus feature-based analysis, and so forth. Moreover, it might have been the computational com-plexity of the visual stimulus material that had caused the observed performance decrease from letters to faces and to doors. Since, however, computational complexity is not simply defined by the physical complexity of a stimulus that should have been comparable in face and door images, but also by the speed in which the visual system can handle the image (Tsotsos 2001 ), a stimulus category relevant for human observers will automatically be less complex in computational terms than any other natural visual stimulus category.
Conclusion
Our results for visual working memory based on different types of stimuli strengthen the importance of the stimulus material used when investigating higher cognitive functions. If we had based conclusions on age-related decline in working memory only on the face 2back task, we might have interpreted our data in favor of frontal aging alone. Instead, integrating evidence from several stimulus types, our results favor a network-based theory of cognitive aging with the temporal cortex as an important relay station. While socially relevant visual material, such as human faces, seems to have advantages for working memory processing in younger subjects, processing of such material tends to be similarly affected by age as that of any other visual information.
